Background: Prisoners are at high risk of blood borne and sexually transmitted infections due to their high involvement in risky behaviors. In this descriptive/cross-sectional study, the prevalence, sero-prevalence, and risk factors for bloodborne tumor viruses including HTLV-I, HBV, HCV, and KSHV were evaluated among inmates of two central prisons in the northeast of Iran.
million people are infected with HCV worldwide (2, 16) . KSHV has a large double-stranded DNA genome. This tumor virus is identified as the cause of Kaposi's sarcoma (KS) and uncommon primary-effusion lymphoma (PEL) and multicentric Castleman's disease (MCD) (7) . The prevalence of the virus in the northeast of Iran is around 1.7% (17) . The routine screening tests for most of the viruses usually are based on antibody detection (serology) tests such as ELISA and molecular detection methods such as PCR. After viral encounter, 90% of the patients show detectable specific anti-viral antibodies in three months and the remaining may take longer, despite the presence of viremia. Therefore, the chances of false negativity and false positivity are common. In addition, in most of viral infections, around 10% -15% of infected subjects can clear virus and remain serologically positive for lifelong. Therefore, the positive tests do not show the presence of infection (18) . The PCR analysis makes possible the diagnosis of viral infection through the sensitive detection of specific viral nucleic acids and represents the presence of viral infection in the body (19) . Therefore, to evaluate the presence of viral infection (prevalence) or the possibility of exposure to the virus (sero-prevalence), it is necessary to choose appropriate methods (20) . Taken together, our epidemiological knowledge of bloodborne infections is based on serological tests which demonstrate the exposure to these viruses (sero-prevalence); although the method is useful for epidemiological studies, it is not a perfect method to have a precise estimation of the current infection. Therefore, the PCR test is applied to identify the current virus infection (prevalence) (21) . The abovementioned tumor virus infections are more common among prisoners. About thirty million inmates usually go back to their respective community each year and this could potentially threaten the community health (22, 23) . Most of the prisoners originate from marginal socio-economic rural areas and are subject to extreme poverty, pervasive social health problems, limited educational opportunities, and illegal behaviors, such as drug injection and unsafe sexual activities. Up to 35% of the prisoners are addicted to drugs and they may transmit these infections to others while they return home (24) . The prevalence of HCV infection in prisoners in Lebanon, Hungary, Spain, Indonesia, and Croatia was reported about 3.4%, 4.9%, 22.7%, 18.6%, and 8.3%, respectively (25) (26) (27) (28) (29) . Furthermore, the prevalence of HBV infection in the same countries were reported to be about 2.4%, 1.5%, 2.6%, 5.8%, and 11.3%, respectively (25) (26) (27) (28) (29) . The prevalence of HCV among prisoners in Tehran, Iran, was 34.5% in injection drug users (IDUs), which was strongly associated with female gender, length of imprisonment, and use of shared needles, drug injection frequency of more than once per day, drug usage for more than 10 years, and unmarried status (30) . Based on other Iranian studies conducted in Nahavand and Birjand, the histories of surgery, imprisonment, tattooing, extramarital sexual intercourses, and drug addiction were the main risk factors for HBV and HCV infections (31) . The significant growth rates in prison coupled with related risky behaviors among prisoners and the high-rate of returning to communities emphasize the necessity of detection and treatment of these tumor virus infections. The study was carried out in Razavi Khorasan province (northeast of Iran) with a population around 6.9 million according to the 2006 Census. Mashhad, the capital of Razavi Khorasan province, is the second largest city in Iran, a holly pilgrimage city with a population about 2.2 million and a mobile population of visitors around 25 million a year (Census, 2006) . The motives of mobility, the process of the international movement, particularly those from countries at war such as Iraq and Afghanistan and heterogeneity of domestic population render this region in need of management of life threatening viruses. Furthermore, the most populated prisons in this region are located in the holly city of Mashhad
Objectives
Therefore, the study was conducted on demand of prison administrators. They assumed that cancers were more prevalent among the prisoners in recent years and granted the study. The aim of the present study was to evaluate the prevalence, sero-prevalence, and risk factors for bloodborne tumor viruses including HTLV-I, HBV, HCV, and KSHV among inmates of two central prisons in the northeast of Iran.
Methods

Study Population and Sample Size
The study was performed according to the world medical association declaration of Helsinki. All prisoners had full rights to decide whether they wanted to participate in the study. An informed consent was taken from each subject. Cases having risk factors or symptoms of diseases were referred to the prison health center for medical attention. This descriptive/cross-sectional study was conducted between April and September 2008 upon 1114 prison inmates from 11170 prisoners in two central prisons, Mashhad, Iran. Prisoners were selected randomly according to stratified sampling method and divided into two strata (female and male). The total sample size, by assuming a less than 5% refusal rate amongst the prisoners, amounted to 1175 that was chosen based on statistical test of population proportion, frequencies of risk factors among the 
Data Collection Procedures
After taking permissions from the prison administration and Biomedical Ethics Committee, a random sampling was carried out. The questioners and physicians were trained in data collection and physical examination techniques. All participants were interviewed using a standard questionnaire that included demographic information and risk factors e.g., addiction to drugs, various ways of drugs usage, alcohol consumption, tobacco consumption, and infection to HTLV-I, HBV, HCV, and KSHV. The physicians then examined all inmates. Medical history and related signs and symptoms were meticulously recorded.
Sample Collection and Serological Assay
After obtaining informed consent, 5 mL blood sample was collected from each of the participants in EDTA-containing sterile tubes. Serum and PBMCs samples were kept at minus 20°C until analysis. Serum samples were tested for the presence of anti-HTLV-I (Dia.pro, Italy), anti-HCV (Dia.pro, Italy), anti-KSHV (Biotrin, Ireland), and the surface antigen of hepatitis B virus (Radim, Italy), by enzymelinked immunosorbent assay (ELISA) according to manufacturers' instructions. All serological and molecular tests were performed in inflammation and inflammatory diseases research center laboratory, MUMS, Iran. The positive specimens were further confirmed by polymerase chain reaction (PCR) using specific primers for HCV, HBV, HTLV-I (Tax and LTR), and KSHV. DNA and RNA were extracted using available commercial kits (DNA blood mini kit and viral RNA mini kit, Qiagen, Germany). Then, DNA samples were kept at -20°C until use. The HCV RNA was reverse transcribed using a Revert Aid TM H minus First Strand cDNA Synthesis kit (Fermentas, Germany). The reverse transcription was carried out at 42°C for 60 minutes followed by RT inactivation at 70°C for 5 minutes. The cDNA was kept at -20°C until use and was used as a template in the nested PCR method for amplification of a gene fragment of HCV with the following protocol: 25 µL reaction of 10x buffer, MgCl 2 (1.5 mM), dNTPs (200 µM), 10 pm of each primer, 0.5-U of Taq DNA polymerase, and 3 µL cDNA. The HBV PCR amplification was carried out in a tube containing 25 µL reaction of 10x buffer, MgCl 2 (2 mM), d NTPs (200 µM), 10 pm of each primer, 0.5-U of Taq DNA polymerase, and 100 ng DNA. To confirm HTLV-I infection, a conventional PCR was also carried out for Tax and LTR region on PBMCs-extracted DNA. The PCR amplification was carried out in a tube containing 25 µL reaction of 10x buffer, MgCl 2 (2mM), d NTPs (200 µM), 10 pm of each primer, 0.5-U of Taq DNA polymerase, and 100 ng DNA. Table 1 shows the sequence of primers and PCR conditions for these viruses. 
Statistical Analysis
Data on demographic characteristics, medical history, and physical examination, related to risk factors, were analyzed by SPSS software version 11.5. Descriptive data were summarized as mean, standard deviation and/or percentages. Chi-Square test was used to examine the association of demographical and behavioral variables with HCV, HBV, HTLV-I, and KSHV infections. Mann-Whitney test was performed to analyze quantitative variables with abnormal distribution. Odd ratios (ORs) and their 95% confidence interval (95% CI) were calculated for each risk factor in univariate analysis. Logistic regression analysis was applied to identify independent risk factors for virus infections. P values < 0.05 were considered statistically significant.
Results
Demographic Data
This study was conducted on 1114 inmates in Razavi Khorasan prisons in Iran. The majority of participants were imprisoned for drug-related crimes (50%) and robbery (30%). The mean length of imprisonment was 53. 37 ± 54.9 months (median: 33, 25 percentile: 12 and 75 percentile: 81). 615 individuals (58.2%) were reported as drug users (data not shown). The study population consisted of 992 (89%) males and 122 (11%) females. The mean age of males and females was 34.42 ± 10.95 years and 40.67 ± 14.2 years, respectively. This difference was significant (P < 0.001). The data showed that 72.6% of males and 100% of females were married.
Prevalence and Sero-Prevalence of Viruses
According to the serology tests, sero-prevalence of HCV, HBV, HTLV-I and KSHV was 24.5%, 4.2%, 3.4%, and 3.2%, respectively. According to the results of PCR, the prevalence of HCV, HBV, HTLV-I, and KSHV was 19.1%, 2.1%, 2%, and 3% respectively (Figure 1) . The sero-prevalence of HCV, HBV, HTLV-I, and KSHV among females was 19.5% (22), 3.5% (4), 4.4% (5), and 1.8% (2), respectively, while in males was 25.1% (247), 4.3% (42), 3.2% (32), and 3.2% (33), respectively. No significant differences were existed in sero-prevalence of these viruses between females and males (P > 0.05). 
Risk Factors for Virus Infections
As shown in Table 2 , there was a significant association between HCV, HTLV-I, and KSHV infections and history of imprisonment. HBV infection was associated just with the length of imprisonment and HCV infection was significantly associated with the length of imprisonment, number of prisoners inside the cell, and number of prisoners inside in the wing. Table 3 shows the univariate analysis of behavioral risk factors for HCV, HBV, HTLV-I, and KSHV infections among prisoners. There were statistically significant differences between HCV, HTLV-I, and KSHV infections among addict and non-addict, drug injecting, and shoplifting in this study (Table 3) . Moreover, a statistically significant difference was observed among prisoners with HCV and HTLV-I infections who consumed tobacco versus who did not, and also those who committed robbery (Table 3) . Table 4 shows odd ratios (OR) and corresponding 95% confidence intervals (CI) for HCV, HBV, HTLV-I, and KSHV positive cases who were drug users.
Co-infections
HBV, HCV, HTLV-I, and KSHV co-infections among prisoners are shown in Table 5 . The results showed that HCV-KSHV co-infection was the most common co-infection among prisoners (31, 2.8%). HCV-HTLV-I co-infection and HBV-HCV co-infection were observed in 16 (1.5%) and 14 (1.3%) of prisoners, respectively. HCV-KSHV and HBV-HCV coinfections were more common among males than females. Triple co-infection was also observed in seven cases and one case had all of four infections.
Discussion
Cancer is the leading cause of death in developed countries and the second most cause of death in developing countries. According to report of cancer incidence and mortality, 14.1 million new cancer cases and 8.2 million cancer deaths occurred in 2012 worldwide (32) . Human tumor viruses are associated with a variety of human malignancies; and around 15% of human cancers are virusrelated (33) . Low socioeconomic level, high risk behaviors like tattooing, using drugs, needle sharing, and sexual activity of prisoners put them at a high risk of infection with tumor viruses such as HBV, HCV, HTLV-I, and KSHV. Beside these risk factors, the inadequate living conditions such as overcrowding along with the absence of early diagnosis and treatment in the prisons may be involved in the spread of infection among inmates at a faster pace. Subsequently, when prisoners are released, they may transfer these infections to the general population (1, 26, 34, 35) . In this study, we evaluated the sero-prevalence, prevalence, and risk factors of HBV, HCV, HTLV-I, and KSHV infections among prisoners in Mashhad, Iran. This study showed higher overall prevalence of HBV, HCV, HTLV-I, and KSHV among prisoners compared to the general population of Iran (9, (36) (37) (38) . It is possibly because of their behavioral patterns and frequent use of risky behaviors (such as drug abuse, alcohol consumption, and sexual practices). However, the sero-prevalence of HCV and KSHV was dramatically higher compared to the general population in Khorasan provinces. The results of the present study showed that the sero-prevalence of tumor viruses for HCV, HBV and KSHV was two times more in prisoners than the general population; however, for HTLV-I it was nearly same as the general population. These differences between the spread ratio of HTLV-I and that of HBV, HCV, and KSHV in prisoners may be due to the differences in infectivity and amount of these viruses which are necessary factors for the mounting an infection. In addition, HTLV-I transmits via viable HTLV-I infected cells through the specialized sites of cell-to-cell contact called "virological synapses (39)". Apart from HTLV-I and KSHV, for HBV and HCV, other studies around the world have demonstrated similarly a higher prevalence of these viral infections in prisoners than the general population (1, 26, 34, 40, 41) . Furthermore, the prevalence of HBV (4.2%), HCV (19.1%), and HTLV-I (3%) among prisoners in the present study was higher than the ratios reported by a similar study conducted in Brazil (2.4%, 6.4%, and 1.09%, respectively) (42). These higher rates of prevalence might Hepat Mon. 2016; 16(12):e31541. 5 be due to the larger sample size in the present study, different methodologies, and the effect of infection accumulation progressing with age. Moreover, the Brazilian study was carried out on a teenage population (11 -18 years old).
The sero-prevalence of HBV (8.1%) and HCV (31.1%) infections among the inmates of a prison in Bologna, Italy, was higher compared to the present study. The higher rates might be due to that the majority of the prisoners in Italy were addicted to drugs and 33.9% of them were IDUs (43) . The present study also demonstrated that HCV infection was significantly associated with the number of prisoners inside the cell, history of imprisonment, number of in-mates in the wing, length of imprisonment, tobacco consumption, and methods of using drugs. HBV infection was significantly related to the length of imprisonment while KSHV infection showed a statistical association with history of imprisonment. Furthermore, there was a significant association among HTLV-I with history of imprisonment, number of inmates in the wing, and tobacco consumption. Our findings indicated that, the majority of HCV and HTLV-I and KSHV positive prisoners were addicted to drugs. Additionally, 29.6% of KSHV positive prisoners and 37.6% of HCV positive prisoners were injection drug user which can be the cause of higher prevalence of HCV among inmates. Moreover, HCV and KSHV infections were statistically correlated with the type of crime committed. Among HCV positive inmates, drug-related crimes and robbery and among KSHV positive inmates, robbery and drugrelated crimes were more frequent.
In a study conducted on Ghanaian prison inmates aged 17 -46 years who had HCV, HBV, HIV and syphilis infections, the main risk factors were unmarried status, illiteracy, female gender, being incarcerated for longer than median time served of 36 months, history of homosexuality, history of intravenous drug use, history of sharing syringes, drug paraphernalia, history of participation in paid sexual activity, and history of sexually transmitted diseases (1) .
Also, in a study conducted to evaluate the seroprevalence, co-infection, and risk factors of HIV, HBV, and HCV among inmates in Nasarawa State, Nigeria, the length of incarceration, previous incarceration (for HIV, HBV, and HCV), intra-prison anal sex, multiple sex partners (for HIV and HBV), and ignorance of transmission modes, blood transfusion, and alcohol consumption (for HBV and HCV) were risk factors among the population of study (44) .
In our study, HCV co-infection was more common than other co-infections amongst the prisoners. We observed HCV-KSHV co-infection in 2.8%, HCV-HTLV-I co-infection in 1.5%, and HCV-HBV co-infection in 1.3% of prisoners. Among prisoners who were addicted to drugs, 2.8% had HCV-KSHV co-infection and 1.5% had HCV-HTLV-I co-infection.
Furthermore, approximately all prisoners with HBV-HCV and HCV-KSHV co-infections were injection drug users. These results emphasis the transmission mode of these co-infections (possibly through infected needles and syringes shared) among prisoners. Co-infection results found in this study are different from those of other studies. For example, HCV-HBV co-infection with the rate of 3.83% (30 cases) among prisoners in Lahore was more prevalent compared to our study (45) .
In contrast, HCV-HBV co-infection of prisoners (the prevalence of 0.7%) in Nasarawa State, Nigeria, was lower than the rate found in our study (44) . This lower rate of co-infection was expected because none of the inmates in the mentioned study were exposed to drug use. In the present study, the co-infected prisoners had no symptoms; however, they were referred to Qaem Hospital, affiliated to MUMS, for monitoring.
In summary, this study demonstrated that tumor virus infections (particularly HCV infection) are highly prevalent in the prison population. Furthermore, the potential transmission rates for these viruses are different. HCV was the most contagious viral infection and HTLV-I was the weakest one in prisoners. Apart from KSHV infection which its prevalence in prisoners was as twice as the prevalence in the general population, the prevalence of HBV and HTLV-I was nearly in ranges of the general population. Rubbery and drug injection were the main risk factors for HCV, KSHV, and HTLV-I infections. The high rate of HCV infection (and KSHV infection in a lower extent) among inmates is an important health concern. Effective programs must be undertaken to mitigate these risks. Health education, regular testing, routine screening of infected prisoners with highrisk behaviors particularly among injection drug users and facilitating access to treatment are essential to mitigate the associated risks and curb its spread within the infected population.
The study faced some limitations and the authors tried to minimize their effects. Prisoners are special population to study, and it needs much coordination with different organizations to obtain their informed consent. Any transportation was prohibited; the authorities did not allow our team of researchers to enter the prison, except the main researcher. Therefore, we had to educate their physicians and health center employees to take part. Due to loss of samples, the researchers had to consider 20 percent attrition rate to calculate the sample size.
